ABSTRACT. This study evaluated the effect of butylated hydroxytoluene (BHT), a lipid-soluble antioxidant, on dog sperm in chilling storage and cryopreservation. In Experiment 1, 0.2, 0.4, 0.8 and 1.6 mM BHT were added to egg yolk Tris extender (EYT), and sperm were stored at 4C for 96 hr. Sperm motility, viability, acrosomal integrity and morphological abnormality in the BHT treatment groups were not different from those of the control (0 mM BHT). In Experiment 2, the effect of BHT in EYT containing 0.75% Equex STM paste and 5% glycerol on survivability of cryopreserved sperm was examined after culture at 39C for 3 hr. Sperm motility, viability and acrosomal integrity in the 0.2 to 0.8 mM BHT treatment groups were not different from those of the control. However, sperm motility, viability and acrosomal integrity decreased when 1.6 mM BHT was added to the extender (P<0.05). In conclusion, supplementation of the extender with 0.2 to 0.8 mM BHT did not affect characteristics of dog sperm in chilling storage and cryopreservation. Supplementation of 1.6 mM BHT did not affect characteristics of chilled sperm but impaired longevity of cryopreserved sperm in the dog.
Semen collection and artificial insemination (AI) play an important role for breeding of purebred dogs. In spite of the important potential applications of semen preservation, chilled and cryopreserved sperm are not generally used for AI in the dog [8, 9, 15, 19, 21] . For successful conception, the fertilizing capacity of sperm must be maintained until AI is performed. Many studies about chilled and cryopreservation techniques for dog sperm have been reported. Fertility of chilled dog sperm can be maintained for 4 days [15] . However, post-thaw motility of dog sperm decreases markedly within 1 hr [8, 9, 21] , resulting in a lower whelping rate and litter size [22] . Therefore, improvement of sperm longevity is desirable for both chilling storage and cryopreservation of dog sperm.
Injury of sperm by reactive oxygen species (ROS) during chilled storage and cryopreservation may result in a low success rate of AI. Supplementation of semen extenders with antioxidant compounds could overcome this problem. Butylated hydroxytoluene (BHT), a synthetic phenolic antioxidant, is not only commonly used as a food additive [26] , but is also widely used for low-temperature preservation of mammalian [2, 3, 11, 13, 14, 17, 18, 24, 25] and avian sperm [6] . It was reported that BHT suppressed sperm mitochondrial metabolism and protected the cell membranes from cold shock by decreasing oxygen toxicity in the bull [12] .
Protection of sperm by BHT against cold shock has been reported in the bull [11] , ram [25] and boar [3] . Addition of BHT to semen extender also maintained the motility and viability of chilled turkey sperm [6] and frozen sperm of boars [18] , goat bucks [14] , cattle [24] and buffalo bulls [13] . Recently, addition of 1 mM BHT to the freezing medium reportedly increased the percentage of intact sperm membranes but not post-thaw motility in the dog [16] . However, there are no reports that examined the effect of BHT concentration on low temperature preservation of dog sperm. Therefore, in the present study, we supplemented extenders for chilling and freezing of dog sperm with BHT and investigated their effect on characteristics of dog sperm.
MATERIALS AND METHODS

Collection of semen and examination of sperm characteristics:
Six adult dogs (5 beagles and 1 mixed breed) were housed in the Laboratory Animal Research Center of Tottori University according to university animal care guidelines.
Fresh ejaculates were collected by digital manipulation. The second fraction (sperm rich fraction: 1 to 2 ml) of the ejaculate was collected in a 15-ml polystyrene conical tube (Falcon 2095; Becton, Dickinson and Company, Franklin Lakes, NJ, U.S.A.). Sperm concentration was determined by haemocytometer count. The percentage of motile sperm was assessed in a drop of sperm suspension between a slide and a cover glass at 37°C under an inverted microscope connected to a video monitor. The viability of sperm was examined by eosin Y (Merck, Darmstadt, Germany) staining [7] .
Sperm with unstained heads were recorded as live sperm; those with all or half of the head staining red were recorded as dead. The acrosomal integrity was examined by Giemsa staining [5] . Acrosomes staining purple were recorded as intact. Sperm morphology was examined by fuchsin-eosin staining [23] . Morphological abnormality of sperm was classified in the head, mid-piece and tail. At least 200 sperm were observed for each examination.
Preparation of BHT solution: BHT (Sigma, St. Louis, MO, U.S.A.) was prepared as a stock solution of 80 mM in ethanol and stored at 4°C until used. When BHT was added to semen extender at 1.6 mM, the ethanol concentration in the medium was 2%. In a preliminary study, it was confirmed that exposure of dog sperm to 2% ethanol in any medium for 180 min did not affect the sperm characteristics.
Chilled storage of sperm: Semen was diluted to 10 ml with Tris-buffered solution [20] at 37°C and divided into five experimental groups. Semen samples were centrifuged at 500 × g for 5 min, and the supernatant was removed. The concentration of the sperm was adjusted to 2 × 10 8 sperm/ml using egg yolk Tris extender (EYT) including five different concentrations of BHT (0, 0.2, 0.4, 0.8 and 1.6 mM) at room temperature (20 to 23°C). Sperm suspension (approx. 0.3 to 0.7 ml) was transferred to a 1.5-ml plastic microtube (Nichiryo, Tokyo, Japan) and left in a refrigerator (4°C) for 1 hr.
Cryopreservation of sperm: Semen was diluted to 10 ml with Tris-buffered solution and centrifuged at 500 × g for 5 min. The supernatant was removed, the concentration of the sperm was adjusted to 4 × 10 8 sperm/ml (approx. 2 ml) using EYT at room temperature, and the sperm suspension was then cooled to 4°C for 1 hr. The sperm suspension was divided into five experimental groups and diluted by the drip method with stirring for 5 min with an equivalent volume of precooled (4°C) EYT supplemented with 1.5% Equex STM paste (Nova Chemical Sales Inc., Scituate, MA, U. S. A.), 10% glycerol and five different concentrations of BHT (0, 0.4, 0.8, 1.6 and 3.2 mM). The final concentrations of sperm, Equex STM paste and glycerol were 2 × 10 8 sperm/ml, 0.75% and 5%, respectively [21] . The final concentrations of BHT were 0, 0.2, 0.4, 0.8 and 1.6 mM. The sperm suspension was loaded into 0.5-ml plastic straws (Fujihira, Tokyo, Japan) and equilibrated at 4°C for 1 hr. After equilibration, the straws were suspended in liquid nitrogen (LN 2 ) vapor 7 cm above the LN 2 surface for 5 min. The straws were then plunged into LN 2 and preserved in an LN 2 container for 30 min to one day.
Effect of BHT on characteristics of dog sperm preserved at 4°C (Experiment 1): Sperm diluted in EYT including BHT (0, 0.2, 0.4, 0.8 and 1.6 mM) were preserved at 4°C for 0, 24, 48, 72 and 96 hr. At each time, 50 to 100 μl of sperm suspension was taken from the microtube, diluted with Brackett and Oliphant medium (BO medium) [4] and warmed in a water bath at 39°C for 10 min. Each sample was used for evaluation of motility, viability, acrosomal integrity and morphological abnormality of chilled sperm.
Effect of BHT on characteristics of dog cryopreserved sperm (Experiment 2): Sperm was cryopreserved in EYT supplemented with Equex STM paste, glycerol and BHT (0, 0.2, 0.4, 0.8 and 1.6 mM). After removal from storage, straws were thawed by immersion in a water bath at 37°C for 45 sec, and their contents were then expelled into a conical tube. Sperm was washed by centrifugation at 500 × g for 5 min, diluted with 10 ml of BO medium and cultured at 39°C in 5% CO 2 in air. Motility, viability and acrosomal integrity of frozen-thawed sperm were examined at 0, 1 and 3 hr after culture. Statistical analyses: StatView 4.5 (Abacus Concepts Inc., Berkeley, CA, U.S.A.) was used for statistical processing. All percentage data were subjected to an arcsine square-root transformation before analysis. The effect of BHT concentration and duration of chilled storage at 4°C on sperm characteristics (Experiment 1) and the effect of BHT concentration in freezing medium and duration of culture after thawing on sperm characteristics (Experiment 2) were analyzed using Tukey's honestly significant difference. The experiments were replicated one to three times, and the mean values were used as data from individual dogs. Values are presented as means ± SD of six dogs and considered statistically significant at P<0.05.
RESULTS
Effect of BHT on characteristics of dog sperm preserved at 4°C:
The characteristics of dog chilled sperm are shown in Tables 1 to 4 . During chilling storage for 96 hr, sperm motility, viability and acrosomal integrity decreased (P<0.05). Conversely, sperm abnormality tended to increase with the prolongation of storage period. Tail abnormality was dominant, and the percentages of head and mid-piece abnormalities were low (0.5 to 2.8%) during chilling storage. Sperm motility, viability, acrosomal integrity and morphological abnormality in the BHT treatment groups were not different from those of the control (0 mM BHT).
Effect of BHT on characteristics of dog cryopreserved sperm: The characteristics of dog frozen-thawed sperm after culture are shown in Tables 5 to 7 . Sperm motility, viability and acrosomal integrity decreased with the prolongation of culture period (P<0.05). Sperm motility, viability and acrosomal integrity tended to be high in the 0.4 mM BHT treatment group but were not significantly different among the 0 to 0.8 mM BHT treatment groups. Sperm motility, viability and acrosomal integrity decreased when the freezing extender was supplemented with 1.6 mM BHT (P<0.05).
DISCUSSION
In the present study, the protective effect of 0.2 to 0.8 mM BHT supplemented to the EYT extender was not detected in cryopreservation of dog sperm. Supplementation of Uppsala extender and INRA-96 extender with 1 mM BHT did not improve post-thaw motility of dog sperm [16] , which is consistent with our findings. However, BHT has been demonstrated to maintain post-thaw sperm characteristics in many species [13, 14, 18, 24] . Two mechanisms for protecting sperm by BHT have been suggested [10] : 1) BHT is incorporated into the sperm membrane, resulting in an increase of membrane fluidity, and 2) BHT prevents the activity of lipid peroxyl radicals by converting them to hydroperoxides. Shoae and Zamiri [24] reported the improvement of motility of frozen-thawed bull sperm with addition of 0.5 to 1.0 mM BHT to egg yolk-citrate extender. Khalifa et al. [14] also reported that 5 mM BHT in EYT had positive effects on the motility and viability of chilled and frozen-thawed goat sperm. In in-vitro fertilization using frozen-thawed boar sperm, 0.4 mM BHT in lactose-egg yolk extender improved embryo production [18] . Addition of 1 mM BHT improved membrane integrity of post-thaw dog sperm [16] , while 0.8 mM BHT did not influence post-thaw sperm viability in the present study. The difference in effectiveness and effective dose of BHT for sperm cryopreservation may be due to the components of the extender, freezing method and species.
In chilling storage of dog sperm, there was no influence Values are means  SD of six dogs.
of BHT treatment on the sperm parameters in the present study. However, in cryopreservation, the sperm motility, viability and acrosomal integrity significantly decreased in the presence of a relatively high concentration of BHT (1.6 mM). Because the damage inflicted on the sperm membrane is more severe during cryopreservation compared with chilling storage, BHT metabolites may easily penetrate into the membrane of frozen-thawed sperm and have a harmful influence. The toxicity of BHT to dog sperm may be low at concentrations between 0.2 and 0.8 mM. Higher concentrations of BHT (4 mM) caused acrosomal damage in frozen-thawed bull sperm [24] . It has also been reported that a high concentration of BHT (goat, 5 mM; human, 1 mM; boar, 2 mM) was toxic for cryopreservation of sperm in the goat [14] , human [1] and boar [3, 18] . The presence of 1.6 mM BHT in the extender decreased motility, viability and acrosomal integrity of frozen-thawed dog sperm in the present study, but showed no harmful effect on post-thaw sperm parameters in the boar [18] . This discrepancy seems to indicate a difference of sperm membrane sensitivity to BHT among animal species.
In conclusion, the present study showed that supplementation of extender with 0.2 to 0.8 mM BHT did not affect characteristics of dog sperm in chilling storage and cryopreservation. Supplementation with 1.6 mM BHT did not affect characteristics of chilled sperm but impaired longevity of cryopreserved sperm in the dog. 
